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COMPARISON OF THE ABSORPTION D I S T R I B U T I O N  I N  THE C H q  BAND 
AT 6190A ON THE DISKS OF JUPITER A N D  SATURN 

V .  G .  T e i f e l '  

Abs t r ac t .  Prel iminary r e s u l t s  a r e  given involving an 
i n v e s t i g a t i o n  of molecular absorp t ion  d i s t r i b u t i o n  on 
t h e  d i s k s  of J u p i t e r  and Sa turn ,  obtained i n  1964 with 
a  70 cm t e lescope .  The spectrograms of J u p i t e r  and 
Saturn a r e  examined i n  r e l a t i v e  i n t e n s i t y  i n  t h e  C H q  

band a t  6,190 A i s  given f o r  t h e  c e n t r a l  meridians of 
J u p i t e r  and Saturn.  

Pre l iminary  r e s u l t s  a r e  given i n  t h i s  a r t i c l e  on i n v e s t i g a t i o n s  of  t h e  /59* 

d i s t r i b u t i o n  of molecular  abso rp t ion  over  t h e  d i s k s  of J u p i t e r  and Sa tu rn  

which were begun i n  1964 on t h e  AZT-8 70 cm t e l e scope  by means of t h e  ASP-21 

d i f f r a c t i o n  spec t rograph  wi th  d i s p e r s i o n  30 A/mm. The c h a r a c t e r i s t i c s  of 

absorp t ion  d i s t r i b u t i o n  over t h e  Jov ian  d i s k  has been d iscussed  r epea t ed ly  

i n  a  whole s e r i e s  of works. A t  t h e  same t ime it seems important  t o  c l a r i f y  

whether t h e r e  is any s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  d i s t r i b u t i o n  of methane 

absorp t ion  over t h e  d i s k  of  Sa turn ,  which i n  s i z e  i s  t h e  second r ep resen ta -  

t i v e  of t h e  group of g i a n t  p l a n e t s .  Up t o  t h e  p re sen t  t ime we have had only  

t h e  d a t a  of  Hess [ I ] ,  who observed Sa turn  i n  1950 with t h e  a id  of  a  3-Prism 

spec t rog raph 'w i th  d i s p e r s i o n  43 A/mm between t h e  C and D l i n e s .  Hess 

obta ined  t h r e e  spectrograms each of t h e  e q u a t o r i a l  zone of Sa turn ,  and t h e  

no r the rn  and southern  hemispheres (zenographic l a t i t u d e s  SOS, 45"N and 5S0S, 

r e s p e c t i v e l y ) .  On t h e  equator  he  obta ined  an equiva len t  with t h e  CH4 absorp- 

t i o n  band a t  6,190 A equal  t o  23.2 A, i n  t h e  southern  hemisphere 27.2 A and 

i n  a  no r the rn  hemisphere, 2 8 . 2  A .  I n  c o n t r a s t  t o  t h e  r e s u l t s  f o r  J u p i t e r ,  

*Numbers i n  margin i n d i c a t e  pag ina t ion  i n  fo re ign  t e x t .  



t h e  methane abso rp t ion  over  t h e  Sa turn  d i s k ,  according t o  Hess, i nc reased  

wi th  l a t i t u d e .  

According t o  t h e s e  d a t a ,  however, i t  i s  d i f f i c u l t  t o  judge abso rp t ion  

behavior  along t h e  c e n t r a l  meridian of Sa turn .  The only  t h i n g  t h a t  can be  

s a i d  i s  t h e  f a c t  t h a t  t h e  change i n  absorp t ion  from t h e  equator  t o  t h e  po le s  

of Sa tu rn  s t i l l  does s a t i s f y  t h e  usua l  i n c r e a s e  i n  t h e  o p t i c a l  p a t h  of  l i g h t  

i n  t h e  atmosphere p r o p o r t i o n a l  t o  s e c  4 .  Therefore  Hess assumes an  i n c r e a s e  

i n  t h e  l e v e l  o f  t h e  upper boundary of t h e  cloud l a y e r  toward t h e  p o l e s  of 

Sa tu rn  by 5-8 km. 

During t h e  summer of 1965 a t  t h e  observa tory  of t h e  Ast rophys ica l  

I n s t i t u t e  t h e  au tho r  obta ined  s e v e r a l  s e r i e s  of spectrograms of J u p i t e r  and 

Sa tu rn  w i t h  t h e  28-m AZT-8 Cassegra in ian  focused t e l e s c o p e .  The s l i t  of t h e  

spec t rograph  dur ing  t h e  photographic ope ra t ion  was o r i e n t e d  a long  t h e  equa- 

t o r  o r  t h e  c e n t r a l  meridian of  each p l a n e t .  The d u r a t i o n  of  t h e  exposure 

on t h e  A-700 f i l m  f o r  J u p i t e r  was 10-15 minutes and one hour  f o r  Sa turn  

w i t h  a spec t rograph  s l i t  width of 0.07 mm. The e q u a t o r i a l  diameter  of  t h e  

image of  J u p i t e r  ( t h e  width of t h e  spectrogram) was 3 . 3  mm, and t h a t  of  

Sa turn- -1 .7  mm. ExamplQ of  t h e  spectrograms a r e  shown i n  F igures  1 and 2. 

Figure 1 .  Spectrogram of J u p i t e r  ( c e n t r a l  ~ e r i d i a n )  in t h e  Region AX 5,700- 
6,750' A .  The Main Bands on t h e  Jovian Disk a r e  Shown on t h e  Le f t .  

On t h e  spectrograms t h e  i n t e n s i t y  d i s t r i b u t i o n  was measured i n  a d i r e c -  

t i o n  a c r o s s  t h e  d i s p e r s i o n  i n  t h e  c e n t e r  of t h e  methane abso rp t ion  band 

I (A 6,190 A) and i n  an ad jacen t  segment of t h e  cont inuous spectrum ab 
I (A 6,300 A). The p roces s ing  method was completely i d e n t i c a l  t o  t h a t  co 
desc r ibed  i n  [2 ] .  The h e i g h t  of t h e  i n l e t  s l i t  of t h e  blF-2 microphotometer 



corresponded t o  a  spectrosegment of  l e s s  than  10 A (absorp t ion  band width - /60 

is equ iva l en t  t o  150 A f o r  J u p i t e r  and i s  equ iva l en t  t o  160 A f o r  Sa tu rn ) .  

Figure 2 .  Spectrogram of Saturn  quato tor) in t h e  Region AX 5,850-6,750 A.  
To t h e  Right a r e  Noted t h e  Disk a n d R i n g  Openings of t h e  P lane t .  - -  - 

Figure  3 shows average curves  of  log  I abl1co v a r i a t i o n  along t h e  equator  

-(7 spectrograms) and t h e  c e n t r a l  meridian (7 spectrograms) of  J u p i t e r  and 

along t h e  c e n t r a l  meridian of  Sa turn  (4 spectrograms).  Measurements a long  

t h e  equator  of S a t u r n  were u n s u i t a b l e  f o r  f u r t h e r  process ing  s i n c e  t h e  image 

of  t h e  r i n g  was superimposed on t h e  limb of t h e  d i s k ;  t h e  ang le  of opening 

of t h e  r i n g  du r ing  t h e  p e r i o d  of observa t ions  was very  smal l  (2O.6-4O.3). 

On t h e  Jov ian  d i s k  abso rp t ion  on t h e  CH4 band a t  6,190 A f a l l s  toward 

t h e  edges of t h e  d i s k  a t  t h e  equator  and toiiard t h e  p o l e s  on t h e  c e n t r a l  

meridian.  On t h e  equator  t h e  r educ t ion  i n  abso rp t ion  toward t h e  edges occurs  

smoothly b u t  a  smal l  amount of asymmetry i s  observed i n  abso rp t ion  behavior  

i n  t h e  e a s t e r n  and western d i r e c t i o n s :  t h e  r educ t ion  i n  abso rp t ion  toward 

t h e  western limb occurs  somewhat more r a p i d l y  than  toward t h e  e a s t e r n  limb. 

Absorpt ion d i s t r i b u t i o n  a long  t h e  c e n t r a l  meridian has  amore complex 

n a t u r e .  F i r s t  o f  a l l  tie observe near  t h e  c e n t e r  of  t h e  d i s k  c l e a r  b u t  low- 

o r d e r  v a r i a t i o n s  i n  t h e  i n t e n s i t y  of t h e  methane abso rp t ion  band. I n  t h e  

no r the rn  hemisphere abso rp t ion  decreases  toward t h e  p o l e  more smoothly than  

i n  t h e  southern  hemisphere,  where absorp t ion  f i r s t  i n c r e a s e s  from r / R  = 0.3 

t o  r / R  = 0.8, and then  f a l l s  r a t h e r  sha rp ly .  

Absorption behavior  a long t h e  c e n t r a l  meridian of Sa turn  q u a l i t a t i v e l y  

shows p r a c t i c a l l y  no d i f f e r e n c e  from t h a t  observed on J u p i t e r .  Absorption 



f a l l s  toward t h e  p o l e s  of t h e  p l a n e t ,  i n  c o n t r a s t  t o  t h e  r e s u l t s  ob ta ined  

by Hess. The r educ t ion  i n  methane abso rp t ion  i s  a l s o  revea led  near  t h e  

equator  of Sa tu rn .  But i n  a l l  p r o b a b i l i t y  t h i s  i s  no t  r e a l  and i s  caused 

by t h e  over lapping  of  t h a t  p a r t  of S a t u r n ' s  r i n g  which i s  turned  toward t h e  

Ea r th  and which i n t e r s e c t s  t h e  p l a n e t a r y  d i s k  almost a long t h e  equator .  

The r e d u c t i o n  i n  abso rp t ion  toward t h e  p o l e s  occurs  somewhat more s t e e p l y  

than  f o r  J u p i t e r .  

Such a r e  t h e  q u a l i t a t i v e  r e s u l t s  of spec t rophotometr ic  zbso rp t ion  

measurements i n  t h e  CH4 band a t  6,190A on t h e  d i s k s  of J u p i t e r  and Sa tu rn .  

. We s h a l l  make c e r t a i n  q u a n t i t a t i v e  eva lua t ions .  

On t h e  equa to r  a t  t h e  c e n t e r  of t h e  Jov ian  d i s k  log  I  / I  = -0.170, 
ab co /61 

whi le  a t  t h e  d i s t a n c e  r / R  = 0.87 ( s e c o  = 2) log Iab/Ico = -0.140 i n  t h e  

e a s t e r n  hemisphere and log  I / I  = -0.105 i n  t h e  western hemisphere. ab co 
This  means t h a t  t h e  depth  of t h e  methane abso rp t ion  band equals  RE = 0.93 Ro 

and % = 0.86 Ro ,  where R i s  t h e  depth o f  t h e  band i n  t h e  c e n t e r  of t h e  0  
d i s k .  S ince  t h e  equ iva l en t  width ( t o t a l  abso rp t ion )  of t h e  CH band may, 

4 
wi th  s u f f i c i e n t  accuracy,  be considered t o  b e  p ropor t iona l  t o  t h e  depth of 

t h e  band, WE = 0.93 Wo and Wly = 0.86 W o .  Accepting i n  agreement wi th  [3] 

t h a t  Wo 2 19A, we f i n d  t h a t  IYE - 17.5 A and WW = 16.5A. These va lues  have, 

of course,  on ly  an i l l u s t r a t i v e  n a t u r e  b u t  t hey  i n d i c a t e  t h e  i n s i g n i f i c a n c e  

of t h e  r educ t ion  i n  abso rp t ion  toward t h e  edges of t h e  Jov ian  d i s k  i n  t h e  

e q u a t o r i a l  zone, which does no t  exceed 10-13%. Asymmetry i n  abso rp t ion  

behavior  a long  t h e  equator  may b e  caused by t h e  phase e f f e c t ;  t h e  phase 

angle  of J u p i t e r  du r ing  t h e  pe r iod  of obse rva t ions  changed from 9 t o  11'. 

I n  t h i s  connect ion t h e  evening te rmina tor  o f  J u p i t e r  was observed i n  t h e  

western hemisphere.  To g ive  any kind of i n t e r p r e t a t i o n  of t h e  small  degree  

of asymmetry i n  abso rp t ion  d i s t r i b u t i o n  would be premature a t  t h e  p r e s e n t  

t ime.  D i s s i m i l a r  abso rp t ion  behavior  i n  t h e  p o l a r  r eg ion  of J u p i t e r  may b e  

a s s o c i a t e d  wi th  c e r t a i n  d i f f e r e n c e s  i n  t h e  s c a t t e r i n g  p r o p e r t i e s  of t h e  

- c loud  l a y e r  o r  wi th  -the r a d i a t i o n  cyc le  of  t h e  p o l a r  zones. The d i f f e r e n c e  

i n  t o t a l  abso rp t ion  f o r  p o i n t s  wi th  C$ = 57' ( sec  E = 2) ,  found i n  t h e  same 

manner a s  f o r  t h e  e q u a t o r i a l  zone, r e s u l t s  i n  t h e  fo l lowing:  1J = 0.90 i'iO N 



and WS = 1.03 W O ,  i . e . ,  t h e  d i f f e r e n c e  l i e s  w i th in  10% l i m i t s .  An i n t e r e s t -  

i n g  c h a r a c t e r i s t i c  i s  revea led  on almost a l l  spec t rophotometr ic  p r o f i l e s  

of t h e  c e n t r a l  meridian i n  t h e  e q u a t o r i a l  r eg ion .  In  both  dark e q u a t o r i a l  

b e l t s  t h e  abso rp t ion  a s  a  r u l e  i s  somewhat g r e a t e r  t han  i n  t h e  l i g h t  equa- 

t o r i a l  zone d e c i s i v e l y  e s t a b l i s h e d  i n  1965 and i n  ad j acen t  l i g h t  t r o p i c a l  

zones. The d i f f e r e n c e  on t h e  average an ioun t s to  log  I /Ico0.025, i . e . ,  i n  ab 
t h e  dark b e l t s  abso rp t ion  i s  approximately 5-6% g r e a t e r  than  i n  l i g h t  zones. 

This  means t h a t  t h e  dark  b e l t s  i n  1965 were s i t u a t e d  somewhat lower t han  , 

t h e  l i g h t  zones. The d i f f e r ence  i n  a l t i t u d e s ,  i f  c a l c u l a t e d  i n  a  manner 

s i m i l a r  t o  t h a t  of [4] ,  does no t  exceed 8-10 km i n  t h e  case  of a  2- layer  

model of an absorbed atmostphere.  

On Saturn  t h e  d i f f e r e n c e  i n  

absorp t ion  between t h e  c e n t e r  of  

t h e  d i s k  and l a t i t u d e  57" amounts 

t o  log  Iab/Ico 0.040-0.045, on 

t h e  average R = 0.91 R o y  s i n c e  
57 

t h e  decrease  i n  absorp t ion  toward 

t h e  po le s  f o r  Sa tu rn  shows prac-  

t i c a l l y  no d i f f e r e n c e  i n  magnitude 

from t h a t  ob ta ined  f o r  J u p i t e r .  

I n  1950 the  r i n g  i n c l i n a t i o n  

of  Sa turn  t o  t h e  l i n e  of s i g h t  

was almost t h e  same i n  1965. 

Therefore  it cannot be  excluded 
Figure 3 .  Rela t ive  In t ens i ty  Behavior 
i n  t h e  CH4 Bend a t  6,190 A Along t h e  t h a t  t h e  r e s u l t  ob ta ined  by Hess-- 

Central  Meridian o f  J u p i t e r  ( a ) ,  t h e  an i n c r e a s e  i n  absorp t ion  a t  
Equator of J u p i t e r  (b)  and the  Central l a t i t u d e s  - 50" i n  comparison wi th  
Meridian of Saturn (c ) .  

t h e  equator - - i s  p a r t i a l l y  caused 

by r i n g  over lap  i n  t h e  e q u a t o r i a l  spectrograms.  I f  we accept  f o r  t h e  equa- 

t o r  an abso rp t ion  va lue  which corresponds t o  p o i n t  A on F igure  3, t hen  a t  

l a t i t u d e  50" RS0 ' 1.08 R and W50 1 .08  WA. Having accepted \i' = 23.2 A A 0  



f o r  t h e  equator ,  we f i n d  t h a t  WS0 = 25.0 A .  Hess found t h a t  W and 
0 

was somewhat g r e a t e r ,  s o  t h a t  appa ren t ly  t h e  cause of t h e  divergence was 

n o t  only a s soc i a t ed  w i t h  t h e  e f f e c t  of  t h e  r i n g .  

I n  o r d e r  t o  make f i n a l  conclus ions  concerning t h e  n a t u r e  of  t h e  d i s -  

t r i b u t i o n  of  methane abso rp t ion  over t h e  d i s k  of  Sa tu rn  it is necessary  

t o  c a r r y  out  s i m i l a r  observa t ions  a t  a  moment when t h e  r i n g  i s  s i t u a t e d  

w i t h  t h e  edge i n  r e s p e c t  t o  t h e  Ear th  o r  i n  a  per iod  of  i l l u m i n a t i o n  of 

t h e  r i n g  w i t h  s o l a r  l i g h t  from t h e  s i d e  oppos i t e  t h a t  which i s  turned  toward 

t h e  Ea r th ,  when i n t e r f e r e n c e  from t h e  s i z e  of  t h e  r i n g  w i l l  b e  p r a c t i c a l l y  

e l imina ted .  
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